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� Case presentation
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� Edwards EV 1000



Case presentation – Day 1- At ED (1)

72 y/o male
C.C: shortness of  breath, general edema

BP:172/99    TPR:36.7/80/26

Breathing sounds: crackles, bilateral          

Extremities: pitting edema   

Underlying diseases

Type 2 DM

HCVD

Gout

Chronic kidney disease

CAD s/p CABG



Case presentation – Day 1- At ED (3)

WBC:11900, CRP:89.4
Procalcitonin: 1.67

BUN/Cr: 28/1.39
Cardiac enzymes: mild elevation

Albumin:3.0

NT-proBNP >25000

BP ↓after Dobutamine

Change to Dopamine

ED Impression

Cardiac echo:

Dilated LA, LV

Poor LV systolic function 

(LVEF:14%)

Global hypo- to akinesis
Impaired LV relaxation

No pericardial effusion



Case presentation – Day 1- At ED (4)

Do you think ?

Lung edema + Pneumonia or Pneumonia + Lung edema



Case presentation – Day 2- At ICU (1)

Treatment
Tapper dopamine

Add Lasix, Fluitran and adjust by BP, U/O

Antibiotic therapy

Clinical Condition

Off  dopamine, BP:124/67, TPR:36.4/73/15

Peripheral perfusion: warm 

U/O: 1590 ml/8 hours under 

Lasix 20 to 40 mg q8h + Fluitran 2mg q12h



Case presentation – Day 3- At ICU (2)

BP:76/58 mmHg, TPR: 39/131/11 (Af with RVR), U/O: 60 ml/2 hr.

WBC:12600, CRP:196.4, S/C: H. heamolyticus, PMN>25, Epi<10 

Fever, 39℃℃℃℃



Case presentation – Day 3- At ICU (3)

BP:76/58 mmHg, TPR:39/131/11 (Af with RVR)

SpO2: 100%, FiO2: 35%

WBC:12600, CRP:196.4

Poor LV systolic function (LVEF:14%) Global hypo- to akinesis

Next step ?

Fluid ? Vasopressor ? Inotropics ?

Rate control ? Amiodarone ? Digoxin ?

Change antibiotics ? Stress dose steroid ?

? ? ?



Case presentation – Day 3- At ICU (4)

BP:76/58 mmHg, TPR:39/131/11 (Af with RVR)

SpO2: 100%, FiO2: 35%

WBC:12600, CRP:196.4

BP↓↓↓↓ SVRI ?     CI ?

if SVRI↓ ↓ ↓ ↓ favor sepsis ↑ or adrenal insufficiency

if SVRI↑ ↑ ↑ ↑ favor cardiac > septic



Case presentation – Day 3- At ICU (5)

PiCCO Parameters said

Flow

CI: 2.02↓

SVI: 18↓

Preload

GEDI: 873↑

SVV: 8

Contractility

GEF: 8↓

CFI: 2.4↓

dPmx: 880↓

Afterload

SVRI: 3049↑

Lung water

ELWI: 9↑

PVPI:1.4

Believe? 

Digoxin loading and maintain

Add ACEI if  improved BP

No more fluid



Case presentation – Day 3- At ICU (6)

After Digoxin loading 0.5 mg, capoten (25 mg) 4/1 # bid

BP:96/49 mmHg, TPR: 37.7/87/16 

PiCCO Parameters said

Flow

CI: 2.02  

2.58

SVI: 18

30

Preload

GEDI: 873

724 

SVV: 8

Contractility

GEF: 8

17

CFI: 2.4

3.6

Afterload

SVRI: 3049

2005

Lung water

ELWI: 9

8

PVPI: 1.4

1.5



Case presentation - At ICU (7)

Digoxin 

Dobutamine

Capoten

Aldactone

Lasix, Fluitran

Antibiotic therapy



PiCCO Technology

Transpulmonary
thermodilution

+

Arterial pulse 
contour analysis



PiCCO (Perfusion pressure and Perfusion)

Parameters Abbreviation Range

Mean Arterial Pressure

(mmHg)

MAP 70 – 90

Cardiac Index

(L/min/m2)

CI 3.0 – 5.0

Stroke Volume Index

(ml/m2)

SVI 40-60



PiCCO (Preload estimate)

Parameters Abbreviation Range

Global End-Diastolic Volume Index

(ml/m2)

GEDI 680-800

Intrathoracic Blood Volume Index

(ml/m2)

ITBI 850-1000

Stroke Volume Variation SVV < 10%

Pulse Pressure Variation PPV < 10%



PiCCO (Contractility estimate)

Parameters Abbreviation Range

Global Ejection Fraction GEF 25-35 %

Cardiac Function Index

(L/min)

CFI 4.5 – 6.5 

dPmx (mmHg/second) 1200-1800

Cardiac Power Index (W/m2)

(MAP × CI × 0.0022)

CPI 0.5 – 0.7



Contractility (1)

GEF = Global Ejection Fraction = (4 x SV)/GEDV

a parameter of  global myocardial contractility

Not physiologically, normal range (25-35%) 

Physiologically normal EF (50-60%)

EF = Stroke volume (SV)/ End diastolic volume (EDV)

= (EDV−End systolic volume)/EDV 



Contractility (2)

CFI (Cardiac Function Index) = CI/GEDI 
independent on preload 

but influenced by contractility, afterload, and heart rate



Contractility (3)

dPmx (Max. rate of  increase in LV pressure):

A preload-dependent gauge for the contractility of  heart

With a very low and very high preload – Rise in pressure ↓↓

dPmx decided by preload, contractility



Contractility (4)

Cardiac Power Index (CPI) MAP × CI × 0.0022

Influenced by 

CI (Preload, Contractility, Afterload, HR) and MAP



PiCCO (Afterload estimate)

Parameters Abbreviation Range

Systemic Vascular Resistance Index

(dyne．sec．cm5/m2)

SVRI 1970 - 2390



PiCCO (Lung water and permeability estimate)

Parameters Abbreviation Range

Extravascular Lung Water Index (ml/kg)

� EVLW/actual body weight = ELWI

� EVLW/predicted body weight = EVLWp

ELWI 3-7

Pulmonary Vascular Permeability Index PVPI 1- 3 



EVLW (Extravascular lung water)

EVLW = PTV – PBV = C.O ×××× DSt – 0.25 GEDV or
EVLW =ITTV – ITBV= C.O ××××MTt –1.25 GEDV
Includes intra-cellular, interstitial and intra-alveolar water 

(not include pleural effusion)



PVPI (Pulmonary Vascular Permeability Index)

P                                                      PVPI=(EVLW/PBV)

PVPI
measure permeability of  lung vessels, 

classify type of  lung edema (hydrostatic vs. permeability)

Not forget Oncotic pressure



Clinical application of PiCCO (1)

BP ↓, BP = C.O ×××× S.V.R, C.O ? S.V.R ?

Clinical estimate of  C.O

Peripheral perfusion

Capillary refill

Urine output

ScvO2/SvO2

Lactate level

Measure of  C.O by PiCCO

� C.O/C.I/SVI

� SVI

GEDI

ITBI

SVV

PPV

GEF

CFI

dPmx

CPI

SVRI



Clinical application of PiCCO (2)

More severe SIRS/Severe sepsis/Septic shock

Fever/chills

WBC ↑or ↓

Band ↑

Platelet ↓

CRP ↑

PCT ↑

PiCCO show

SVRI ↓ GEDI may ↓

ITBI may ↓

SVV may ↑

PPV may ↑

GEF may ↓

CFI may ↓

dPmx may ↓

CPI may ↓

PVPI may ↑



Clinical application of PiCCO (3)

Cardiogenic shock caused by LV systolic dysfunction

BP↓

Perfusion↓

U/O↓

ScvO2/SvO2↓

Lactate↑

LV hypokinesia

PiCCO show

SVRI ↑ GEDI may N/↑

ITBI may N/↑

SVV may N

PPV may N

GEF may ↓

CFI may ↓

dPmx may ↓

CPI may ↓

PVPI may N
N: normal



Clinical application of PiCCO (4)

Septic shock 
＋＋＋＋

Cardiogenic shock caused by LV systolic dysfunction
Septic shock > Cardiogenic shock, PiCCO show

SVRI may ↓ GEDI may N/↓/↑

ITBI may N/↓/↑

SVV may N/↑

PPV may N/↑

GEF may ↓

CFI may ↓

dPmx may ↓

CPI may ↓

PVPI may N/↑
N: normal



Clinical application of PiCCO (5)

Septic shock 
＋＋＋＋

Cardiogenic shock caused by LV systolic dysfunction
Cardiogenic shock > Septic shock, PiCCO show

SVRI may ↑ GEDI may N/↓/↑

ITBI may N/↓/↑

SVV may N/↑

PPV may N/↑

GEF may ↓

CFI may ↓

dPmx may ↓

CPI may ↓

PVPI may N/↑
N: normal



Clinical application of PiCCO (6)

SIRS/Severe sepsis/Septic shock improved

Fever/chills (-)

WBC: N

Band ↓

Platelet: ↑ - N

CRP ↓

PCT ↓

N: normal

PiCCO show

SVRI (↑- N) GEDI may (↑- N)

ITBI may (↑- N)

SVV may N

PPV may N

GEF may N

CFI may N

dPmx may N

CPI may N

PVPI may (↓- N)
N: normal



Clinical application of PiCCO (7)

More severe Lung edema or ARDS or Both

Underlying Dz.

CXR

Sputum character

Inflammatory parameters

BNP

Edema ARDS Both

ELWI ↑

GEDI ↑ 

PVPI: N

ELWI ↑

PVPI ↑

GEDI: N or ↓

ELWI ↑

PVPI ↑

GEDI: ↑

N: normal



Case sharing (1)

30 y/o man
Bloody stool 1 month

Hb: 4.8 g/dL

29 y/o woman
Menorrhagia 1 year

Hb: 6.5 g/dL



Case sharing (2)

30 y/o man, dyspnea
during blood transfusion

29 y/o woman, dyspnea
during blood transfusion 



Case sharing (3)

30 y/o man 29 y/o woman

Medical illness Gout Medical illness HCVD

Post-transfusion 

B.P

high Post-transfusion 

B.P

high

Post-transfusion 

Temp.
39℃℃℃℃ Post-transfusion 

Temp.
38.2℃

Post-transfusion

leukopenia

+ Post-transfusion

leukopenia
－－－－

Post-transfusion

thrombocytopenia

+ Post-transfusion

thrombocytopenia
－－－－

BNP (pg/ml) low BNP (pg/ml) high



Who needs lasix?

30 y/o man 29 y/o woman

ELWI: 20 ↑
GEDI : 635 ↓
PVPI: 4.0 ↑

SVRI: 1043 ↓

TRALI

ELWI: 10 ↑
GEDI : 1193 ↑

PVPI: 1.0 (normal)
SVRI: 1954 (normal)

TACO



Case sharing (4)

30 y/o man 

Poor response to initial lasix

29 y/o woman

Good response to initial lasix



Limitations of PiCCO Parameters 

GEDI Falsely high: large aortic aneurysm

Not usuable: Intracardiac L-R shunt

Overestimated: in severe valvular insufficiency

ELWI Falsely high: in gross pulmonary perfusion failure

Not usuable: Intracardiac L-R shunt

SVV/PPV controlled ventilation & 

VT > 6-8 ml/kg & 

absence of  cardiac arrhythmia

Parameters yielded from pulse contour analysis,

Not valid when IABP(+)



SVV and PPV

Regular cardiac rhythm
Raise tidal volume to 10 ml/kg PBW
Adjust sedation to passive ventilation
Display A-line waveform for 30 seconds
Measure Max. & Min. pulse pressure
PPV = (PPmax-PPmin)/〔(Ppmax + PPmin)/2〕× 100%

CHEST 2008; 133:252–263



Limitation of SVV and PVV

� Accuracy of  arterial pressure curve

� Heart rate/rhythm: regular

� Spontaneous/assisted/control: control, passive

� Tidal volume/compliance: 8-12 ml/kg

� Vasomotor tone/arterial compliance



Passive Leg Raising (PLR) Test

SVI↑ ≥ 10%, Test (+), patient: fluid responsive, 

SVI↑ < 10%, Test (−), patient: not fluid responsive
Fluid responsive means

SVI will ↑ >15% in response to 500 ml IV fluid administration



Remember ?

Preload Contractility Afterload Lung water and permeability

GEDI

ITBI

SVV

PPV

GEF

CFI

dPmx

CPI

SVRI ELWI

PVPI



See A Friendly Friend – EV1000
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